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(54) Load detector for elevator car 

(57) A load detector for an elevator having a cage 
moving up and down in a shaft for transporting passen- 
gers and a cable hanging the cage, including a relative 
position detector configured to detect a relative position 
of the cage against the shaft; and a calculator config- 
ured to calculate a change of the relative position 
between the position of the cage just after landing at a 
floor and the position of the cage just before leaving the 
floor, and a load of the cage on the basis of the change 
of the relative position caused by an expansion and con- 
traction of the cable. 
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Description 



BACKGROUND OF THF INVENTION 
FIELD OF THE INVENTION 

[0001 ] The present invention relates to a load detector 
for an elevator cage. 

DESCRIPTION OF THE BAnk^Rni imh 
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[0002] An ordinary traction type elevator is composed 
as shown in FIG. 1 and FIG. 2. 
[0003] In FIG. 1 , one terminal of a cable 2 is con- 
nected to a cage 1 and the other terminal of the cable 2 is 
is connected to a counter weight via a sheave 31 of a 
hoisting machine 3 and deflector sheave 4. The hoisting 
machine is composed of the sheave 31 and a motor 32. 
The sheave 31 is driven by the motor 32, and the cable 
2 is driven by the traction between the sheave 31 and 20 
the cable 2. Eventually, the cage 1 is moved up and 
down via the cable 2. 

[0004] As shown in enlarged FIG. 2, the cage 1 moves 
up and down along guide rails 7 by means of guide 
devices 6 attached to the cage 1. The cage 1 is com- 25 
posed of a cage frame 1A including a crosshead 1Aa, 
an upright 1 Ab and a plank 1 Ac, and a cab 1 B mounted 
in the cage frame 1 A. That is, construction of the cage 1 
is in effect doubled by providing the cage frame 1A 
around the cab 1B, and the cab 1B is supported by 30 
vibration-proof materials 1C such as a rubber. The 
vibration-proof materials 1C reduce vibration transfer 
from the cage frame 1 A to the cab 1 B and improve pas- 
senger comfort during travel of the cage 1 . 
[0005] Further, a deformation detector 1 D is installed ss 
between the cage frame 1 A and the cab 1 B. The vtora- 
tion-proof materials 1 C is pressed by the load of the cab 
1 B. and the amount of the deformation of the vibration- 
proof materials 1C is detected by the deformation 
detector 1 D. The amount of the deformation is transmit- 40 
ted to a calculator 1 1 in an elevator control panel via a 
transmitting cable 8, a connector box 91 attached on a 
shaft wall 9a of a shaft 9, and a transmitter 10. The cal- 
culator 1 1 calculates the load of the cab 1 B or the load 
of passengers on the basis of the amount of the defor- 4s 
mation from the deformation detector 1D. 
[0006] The calculator 1 1 also calculates a necessary 
torqu to drive the motor 32 so as to move the cage 1 
smoothly at the start time, and outputs the torque signal 
to a drive controller 12. Accordingly, even if the cage lis 50 
filled with many passengers, the cage 1 does not move 
down suddenly at the start time when a brake is off. On 
the other hand, even if the cage 1 has no passengers, 
the cage 1 does not move up suddenly at the start time.' 
That is, the drive controller 12 applies a necessary ss 
torque to the motor 32 before the brake is off so as to 
move the cage 1 smoothly at the start time. 
[0007] In the above described traction type elevator, 



both the cage frame 1A and the cab IB need a proper 
strength. It is not easy for the cage 1 to meet both the 
requirements of the proper strength and the capacity of 
the cab 1 B. 

[0008] As the efficiency of the hoisting machine 3 
improves, the vibration of the cage 1 has been reduced. 
Therefore, all cages are not required to be constructed 
in double in order to improve comfort of a ride in the cab 
IB. 

[0009] But if the cage 1 has a single construction, that 
is to say, the cab 1B is integrated with the cage frame 
1A, the deformation detector 1D can not be installed 
between the cage frame 1 A and the cab 1 B. As a result, 
since a load of the cab 1 B can not be detected properly, 
the elevator has difficulty in controlling the torque 
applied to the motor 32 at the start time in accordance 
with change in the load. 

SUMMARY OF THE INVFNTIOM 

[0010] Accordingly, one object of the invention is to 
provide a load detector for an elevator which can detect 
the passenger load, even if a cab is integrated with a 
cage frame. 

[001 1 ] This and other objects are achieved by provid- 
ing a new and improved load detector for an elevator 
having a cage moving up and down in a shaft for trans- 
porting passengers, and a cable supporting the cage, 
including a relative position detector configured to 
detect a relative position of the cage against the shaft; 
and a calculator configured to calculate a change of the 
relative position between the position of the cage just 
after landing at a floor and the position of the cage just 
before leaving the floor, and a load of the cage on the 
basis of the change of the relative position caused by an 
expansion and contraction of the cable. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] A more complete appreciation of the invention 
and many of the attendant advantages thereof will be 
readily obtained as the same becomes better under- 
stood by reference to the following detailed description 
when considered in connection with the accompanying 
drawings, wherein: 

FIG. 1 is a schematic overview of a conventional 
traction type elevator. 

FIG. 2 is a side view of a conventional traction type 
elevator in FIG. 1 . 

FIG. 3 is a schematic overview of a load detector for 
an elevator cage of a first embodiment of the 
present invention. 

FIG. 4 is a side view of an optical position sensor 
shown in FIG. 3. 

FIG. 5 is a side view of a load detector for an eleva- 
tor of a second embodiment of the present inven- 
tion. 
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FIG. 6 is a side view of a load detector for an eleva- 
tor of a third embodiment of the present invention. 
FIG. 7 is a side view of a load detector for an eleva- 
tor of a fourth embodiment of the present invention. 
FIG. 8 is a side view of a load detector for an eleva- s 
tor of a fifth embodiment of the present invention. 
FIG. 9 is a sectional view of a brake showing a load 
detector for an elevator of a sixth embodiment of 
the present invention. 

FIG. 10 is a sectional view of a brake showing a 10 
load detector for an elevator of a sixth embodiment 
of the present invention. 

FIG. 1 1 is a schematic illustration of an elevator 
having hanging sheaves. 

FIG. 12 is a partial view of hanging sheaves shown is 
in FIG. 11. 

FIG. 13 is a sectional view of a hanging sheave 

showing a toad detector for an elevator of a seventh 

embodiment of the present invention. 

FIG. 14 is a sectional view of a hanging sheave 20 

showing a load detector for an elevator of an eighth 

embodiment of the present invention. 

FIG. 15 is a side view of a sheave showing a load 

detector for an elevator of a ninth embodiment of 

the present invention. 2s 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 3] Referring now to the drawings, wherein like ref - 30 
erence numerals designate identical or corresponding 
parts throughout the several views and more particu- 
larly FIG. 3 thereof, FIG. 3 shows a load detector for an 
elevator cage of a first embodiment of the present 
invention. 35 
[0014] In FIG. 3, a cage 1 for passengers moves up 
and down by the movement of a cable 2. The cage 1 
has a optical position sensor 13. Reflecting plates 14 
are attached on a shaft 9 near each floor level and 
arranged to face the optical position sensor 13 at the 40 
time the cage 1 lands at the floor. Thus, a relative posi- 
tion detector is composed of the optical position sensor 
13 and the reflecting plate 14. The position sensor 13, 
as 6hown in FIG. 4, is composed of a light source 1 32 in 
a box 131 for irradiating a light with a predetermined 45 
wavelength toward the reflecting plates 1 4, a lens 1 34 in 
the box 131 for gathering a reflected light from one of 
the reflecting plates 14, and photoconductive cells such 
as PSD (Position Sensitive Device) elements 133 
arranged in the moving direction of the cage. Each of so 
the PSD elements 133 transforms a gathered light from 
the lens 134 into a voltage signal, and the PSD ele- 
ments 133 are arranged to output respective different 
voltage signals in accordance with the position of the 
cage 1 . ss 
[0015] If the cage 1 shifts up or down at the landing 
floor, the voltages produced by the PSD elements 133 
of optical position sensor 13 also shift up or down. In 



other words, a relative position of the cage 1 against the 
reflecting plate 14 on the shaft 9 changes and the volt- 
age signals from the PSD elements 133 also change on 
the basis of the relative position of the cage 1 against 
the reflecting plate 14. The voltage signals are transmit- 
ted to a f flter 1 35 in order to extract and output a constit- 
uent signal corresponding to the light with the 
predetermined wavelength. That is, the filter 135 elimi- 
nates noise from the voltage signals. The constituent 
signal is transmitted to a transmitter 1 0 via a cable 8 and 
a connector box 91 on a shaft wall 9a. 
[0016] A field of vision of the lens 134 is set greater 
than a field of reflected light from the reflecting plate 1 4. 
Reflected light from the shaft wall 9a except the 
reflected light from the reflecting plate 14 is scattered 
and is not detected by the PSD elements 133 effectively. 
[001 7] When the cage 1 lands on a floor level, the volt- 
age signals from the PSD elements are outputted corre- 
sponding to the vertical position of the cage 1 and 
transmitted to a calculator 1 1 via the transmitter 1 0. The 
calculator 1 1 has a timer 11a and manages the voltage 
signals in order of the input time. The calculator 1 1 cal- 
culates a passed time after closing a cage door, if there 
is no call, i.e., either a destination call or a hall call. The 
destination call is a call by which passengers order the 
destination in the cage 1, the hall call is a call by which 
passengers call the cage 1 to a floor. If the passed time 
exceeds a predetermined time and the cage 1 does not 
move during the passed time, the calculator 1 1 resets a 
load value to zero on the assumption that there is no 
passenger in the cage 1 . 

[0018] If a destination call is made, the cage 1 goes 
up or down and lands at the destination floor. The oper- 
ation of detecting a load of cage 1 is as follows. 
[0019] First, as the cage 1 approaches to land at a 
floor level, the optical position sensor 13 detects the 
reflecting plate 14 of the destination floor. Before the 
cage door opens, the relative position Yb of the cage 1 
against the reflecting plate 14 is detected by the optica! 
position sensor 13. At this time, the cage 1 stops at the 
landing floor, because the sheave 31 is locked by a 
brake device (not shown). However, since the cable 2 
itself has elasticity, the cable 2 expands and contracts 
corresponding to a load change of the cage 1. As a 
result, the vertical position of the cage 1 changes, even 
if the cage 1 lands and stops on the floor. Consequently, 
when passengers finish getting on and off, the vertical 
position of the cage 1 could change corresponding to 
the load change of the cage 1 . 
[0020] Therefore, after passengers get on and off and 
the cage door closes, the optical position sensor 13 
detects the relative position Ya of the cage 1 against the 
reflecting plate 14. 

[0021] The calculator 1 1 then calculates the current 
load Mn of the cage 1 on the basis of the relative posi- 
tions Ya and Yb, an elastic coefficient k of the cable 2, 
and the previous load Mo of the cage 1 , and the current 
load Mn is calculated as follows. 
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Mn = Mo + kx(Yb- Ya) 

[0022] The elastic coefficient k can be changed corre- 
sponding to the vertical position of the cage 1 . Because 
the length of the cable 2 between the sheave 3 1 and the s 
cage 1 changes corresponding to the vertical position of 
the cage 1 Therefore, the elastic coefficient k is applied 
corresponding to location of the cage 1 . 
[0023] The calculator 11 calculates a necessary 
torque to drive the motor 32 so as to start the cage 1 w 
smoothly on the basis of the load Mn, and outputs the 
torque signal to a drive controller 12. 
[0024] According to the first embodiment, even if the 
cage 1 has a "single" construction, that is to say, the cab 
1 B is integrated with the cage frame 1 A in FIG. 1 , a load is 
of the cage 1 can be calculated on the basis of the dif- 
ference of the relative position of the cage 1 against the 
shaft wall 9a. between a vertical position of the cage 1 
just after landing at a floor and a vertical position of the 
cage 1 just before leaving the floor. Further, if the no call 20 
time exceeds a predetermined time and the cage 1 
does not move for the no call time, the calculator 1 1 
resets the load value to zero indicating that there is no 
passenger in the cage 1. Therefore, a cumulative error 
of a load of the cage 1 can be automatically adjusted. 25 
Furthermore, since the optical position sensor 13 
detects the relative position of the cage 1 against the 
reflecting plate 14. the load detector can be used as a 
landing position detector of the cage 1. Moreover, since 
the optical position sensor 13 detects the relative posi- 30 
Hon of the cage 1 against the reflecting plate 14 without 
mechanical contact and the filter 135 eliminates noise 
due to other light sources, the precision of the load 
detector can be improved. 

[0025] In the first embodiment the optical position 35 
sensor 13 and the reflecting plate 14 can be changed. A 
camera having an image sensor which can recognize 
light and shade can be substituted for the position sen- 
sor 13 and a plate having a geometric or other pattern 
can be substituted for reflecting plate. The camera can 40 
then be provided with an image processor (not shown) 
to recognize an image of the geometric or other pattern, 
or a portion of this pattern, pickBd up by the camera, 
and output different signals corresponding to the posi- 
tion of the cage 1 . ~ ^ 
[0026] FIG. 5 shows a load detector of the second 
embodiment of the present invention. 
[0027] In the following description, only components 
different from the components explained in the related 
art in FIG. 1 are described. 50 
[0028] In this embodiment a potential meter 15 is 
attached to the bottom of the cage 1. The potential 
meter 15 is composed of a slide shaft 151 moving in the 
axial direction of a cylinder 152. A roller 153 is attached 
to the end of the slide shaft 151 . The roller 153 rotates ss 
in the moving direction of the cage 1. A spring 154 is 
inserted between the roller 153 and the cylinder 152 so 
that the roller 153 is always forced toward the shaft wall 



9a. 

[0029] Slopes 16 are secured on the shaft wall 9a 
near all floor levels. Each slope 16 has an inclined plane 
16a as shown in FIG. 5. The roller 153 is to pass the 
floor level contacting the inclined plane 16a. 
[0030] When the cage 1 lands on an exact floor level, 
that is. a relative position of the cage 1 against a floor 
level is nearly zero, the roller 153 is to be positioned at 
the middle of the slope 16. 

[0031] Accordingly, since the slide shaft 151 is forced 
toward the shaft wall 9a by the spring 154, if the cage 1 
moves up and down, the roller 153 rolls on the slope 16. 
and the slide shaft 1 51 slides in axial direction of the cyl- 
inder 152. As a result, the potential meter 15 outputs 
voltage signals corresponding to a position of the slide 
shaft 151 . and the voltage signals are transmitted to the 
transmitter 10 via the transmitting cable 8. 
[0032] Thus, when the cage 1 stops at the floor, the 
vertical position change of the cage 1 is read by a hori- 
zontal position change of the roller 153. 
[0033] If a destination call is made, the cage 1 goes 
up or down and lands at the destination floor. The oper- 
ation of detecting a load of cage 1 is as follows. 
[0034] First as the cage 1 approaches to land at a 
floor level, the roller 153 contacts the slope 16. Before 
the cage door opens, the relative position Yb of the 
cage 1 against the shaft wall 9a is detected by the 
potential meter 15. At this time, the cage 1 stops at the 
landing floor, because the sheave 31 is locked by a 
brake device (hot shown). However, since the cable 2 
itself has elasticity, the cable 2 expands and contracts 
corresponding to a toad change of the cage 1. As a 
result the vertical position of the cage 1 changes, even 
if the cage 1 lands and stops at the floor. Consequently, 
when passengers finish getting on and off, the verticai 
position of the cage 1 could change corresponding to a 
load change of the cage 1 . 

[0035] Therefore, after passengers getting on and off 
and closing the cage door, the potential meter 15 
detects the relative position Ya of the cage 1 against the 
shaft wall 9a. 

[0036] The calculator 1 1 then calculates the current 
load Mn of the cage 1 on the basis of the relative posi- 
tions Ya and Yb. an elastic coefficient k of the cable 2, 
and the previous load Mo of the cage 1 in the same way 
as the first embodiment. 

[0037] According to the second embodiment, similarly, 
even if the cage 1 has the Single" construction, that is 
to say, the cab 1B is integrated with the cage frame 1A 
in FIG. 1. a load of the cage 1 can be calculated on the 
basis of the difference of the relative position of the cage 
1 against the shaft wall 9a. between the vertical position 
of the cage 1 just after landing a floor and the vertical 
position of the cage 1 just before leaving the floor. 
[0038] FIG. 6 shows a load detector for an elevator 
cage of a third embodiment of the present invention. 
[0039] In the following description, only components 
different from the components explained in the related 
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art in FIG. 1 are described. 

[0040] in FIG. 6. an optical position sensor 17 is 
attached to the bottom of th cage 1. Slopes 18 are 
secured on the shaft wall 9a near all floor levels. Each 
slope 18 has a number of tiers and a triangular cross 
section as shown in FIG. 6. The horizontal width of each 
tier is different from another. That is, the horizontal width 
of the tiers are formed to be gradually changed in the 
moving direction of the cage 1 . The optical position sen- 
sor 1 7 detects a distance from the cage 1 to the tiers of 
slopes 18. The optical position sensor 17 is composed 
of a pulse laser device and a distance detector. The 
pulse laser device irradiates a pulse laser light toward 
the tiers of slopes 18. The pulse laser light has a rela- 
tively narrow beam width, that is, the pulse laser light is 
not easily scattered. The distance detector detects a 
reflected laser light from the tiers of the slopes 18 and 
calculates a distance from the cage 1 to the tiers of the 
slopes 18. 

[0041] Accordingly, the optical position sensor 1 7 out- 
puts voltage signals corresponding to a distance from 
the cage 1 to the tiers of the slopes 18, and the voltage 
signals are transmitted to the transmitter 10 via the 
transmitting cable 8. 

[0042] Thus, when the cage 1 stops at the floor, the 
vertical position change of the cage 1 is read by a 
change of a distance from the cage 1 to the tiers of the 
slopes 18. 

[0043] According to the third embodi ment. since a ver- 
tical position change of the cage 1 is detected by the 
optical position sensor 1 7, a load of the cage 1 can be 
detected in the same way as the second embodiment 
Further, since the load of the cage 1 is detected by the 
optical position sensor 17 with no contact with the 
slopes 18, error due to frictional wear can be avoided 
and a durable detector can be obtained. 
[0044] FIG. 7 shows a load detector for an elevator 
cage of the fourth embodiment of the present invention, 
in which the load detector detects a load of the cage by 
detecting an angle change of a roller rolling on a guide 
rail in accordance with the movement of the cage 1 . 
[0045] That is, a disk roller 1 92 is secured to the upper 
base 191 of the cage 1 and rolls on a guide rail 7 in 
accordance with the movement of the cage 1 . All angle 
detector 193 is arranged to an axis of the disk roller 192. 
The angle detector 1 93 is attached to one end of a lever 
194, the other end of the lever 194 is pivotabiy secured 
to a fulcrum 1 94a of the base 1 91 . A pole 1 95 stands on 
the base and passes through the lever 194. A spring 
196 is arranged between one end of the pole 195 and 
the lever 194 so that the spring 196 pushes the lever 
1 94 toward the guide rail 7 at any time. 
[0046] Accordingly, the disk roller 192 is pushed with 
the righting moment of the spring 196 and rolls on the 
guide rail 7. As the disk roller 192 rotates according to 
the movement of the cage 1, the angle detector 193 
rotates as well. As a result, an angle change of the disk 
roller 192 is detected by the angle detector 193. Then, 



the output signal of the angle detector 1 93 is transmitted 
to the calculator 1 1 via the transmitting cable 8 and the 
transmitter 10. 

[0047] The calculator 193 calculates a vertical posi- 
5 tion change of the cage 1 on the basis of the radius of 
the disk roller 192 and the angle change of the disk 
roller 192. 

[0048] Thus, when the cage 1 stops at the floor, a ver- 
tical position change of the cage 1 from the time the 
10 cage door is opened until the time of closing is read by 
an angle change of the disk roller 192. 
[0049] According to the fourth embodiment, a load of 
the cage 1 can be detected in the same way as the sec- 
ond embodiment. Further, since the calculator 193 is 
is provided with an angular information from the angle 
detector 193 in accordance with a speed of the cage 1, 
the calculator 193 can calculate a speed of the cage 1 
on the basis of time-differentiating the angular informa- 
tion. If a speed of the motor 32 is controlled by compar- 
ing the speed of the cage 1 with the predetermined 
velocity pattern, the hoisting machine 3 can be 
extremely precise. 

[0050] FIG. 8 shows a load detector for an elevator 
cage of the fifth embodiment of the present invention, in 
which the load detector has two position sensors such 
as the potential meter 15 in FIG. 5, attached to the bot- 
tom of the cage 1 , so as to correct an error caused by an 
inclination of the cage 1 and to calculate a load of the 
cage 1 precisely. 

[0051] That is, two potential meters 15A and 15B are 
attached to the bottom edges of the cage 1 symmetri- 
cally. 

[0052] Rollers 153A and 153B are respectively 
arranged to face toward the shaft wall 9a, and slide 
shafts 151 A and 151B are respectively arranged to the 
same horizontal plane. Further, slopes 16Aand 16B are 
secured on the shaft wall 9a near all floor levels. Each 
slope 1 6 has the same inclined plane as the FIG. 5. Out- 
put signals of the potential meters 15A and 15B are 
transmitted to the transmitter 10 via a calculator 20. 
[0053] Thus, the potential meters 15A and 15B 
respectively detect horizontal changes of the slide 
shafts 151 A and 151B and respectively output voltage 
signals. The calculator 20 averages these voltage sig- 
nals and transmits an averages signal to the transmitter 
10. 

[0054] According to the fifth embodiment, two poten- 
tial meters 15A and 15B are attached to the bottom 
edges of the cage 1 symmetrically, and output signals of 
the potential meters 15A and 15B are averages. There- 
fore, even if the cage 1 inclines due to a biased load in 
the cage 1, a vertical position change of the cage 1 can 
be detected properly. As a result the load detector can 
be precise. 

{0055] In the fifth embodiment, two potential meters 
15A and 15B are applied to the position sensor. Obvi- 
ously, the optical position sensor 17 in FIG. 6 can be 
substituted for the potential meters 15A and 15B. 
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[0056] FIG. 9 and FIG. 10 are sectional views of a 
brake showing a load detector for an elevator cage of 
the sixth embodiment of the present invention. 
[0057] In the following description, only components 
different from the components explained in th _ related s 
art in FIG. 1 are described. 

[0058] In FIG. 9. a brake 33 is secured to a rotary shaft 
31a between the sheave 31 and the motor 32 (not 
shown in FIG. 9). A sheave gear 31b having teeth on the 
surface is secured to the rotary shaft 31a in a housing w 
33a of the brake 33. A disk gear 33b meshes with the 
sheave gear 31b slidably in an axis direction. A brake 
disk 33c is secured to the surface of the disk gear 33b. 
Further, a ring-shaped brake shoe 33d is attached to an 
inside wail of the housing 33a of the brake 33. A ring- is 
shaped elastic ring 33e lies between the brake shoe 
33d and the inside wall of the housing 33a. A brake 
shoe 33g is attached to the other inside wall of the hous- 
ing 33a via springs 33f. Electromagnets 33h are 
arranged between the brake shoe 33g and the inside 20 
wall of the housing 33a. Furthermore, a strain gage 33i 
is attached on the surface of the elastic ring 33e. Bear- 
ings 33j are secured between the housing 33a and the 
rotary shaft 31a. Ail output signal of the strain gage 33i 
is transmitted to the calculator 11. 2 s 
[0059] The operation of the above composed brake 33 
is described as follows. 

[0060] At the time a proper current is applied to elec- 
tromagnets 33h, the springs 33f are contracted by an 
attraction force of the electromagnets 33h, and the 30 
brake shoe 33g shifts away from the brake disk 33c as 
shown in FIG. 9. Eventually, the brake disk 33c rotates 
freely between the brake shoes 33g and 33d, and the 
sheave 3 1 is driven by the motor 32 without brake resist- 
ance. 35 
[0061] On the contrary, at the time a current is not 
applied to electromagnets 33h, the springs 33f expands 
and pushes the brake shoe 33g toward the brake disk 
33c as shown in FIGL 10. Eventually, the brake disk 33c 
is caught between the brake shoes 33g and 33d, and 40 
the sheave 31 is locked. 

[0062] A load of the cage 1 is applied to the rotary 
shaft 31a via the sheave 31. If a weight unbalance 
between the cage 1 and the counter weight 5 occurs 
due to a load change of the cage 1, a torsion force is 4S 
applied to the sheave 31 corresponding to the weight 
imbalance, and the surface of the elastic ring 33e is 
pushed by the brake disk 33c connected to the sheave 
31 . As a result, the strain gage 33i outputs a voltage sig- 
nal corresponding to a torsion force applied to the elas- so 
tic ring 33a "me voltage signal is transmitted to the 
calculator 11. The calculator 11 calculates a torsion 
torque change of the sheave 31 on the basis of the volt- 
age signal from the strain gage 33i, and calculates a 
load change of the cage 1 on the basis of the torsion ss 
torque. 

[0063] According to the sixth embocfi merit, a load 
change of the cage 1 is calculated by calculating a tor- 



sion torque change of the sheave 31 locked by the 
brake 33. As a result, a load of the cage 1 can be 
obtained on the basis of a load change of the cage 1 . 
[0064] FIG. 1 1 is a side view of a traction type elevator* 
having hanging sheaves. 

[0065] In the following description, only components 
different from the components explained in the related 
art in FIG. 1 are described. 

[0066] In this type of elevator, the cage 1 has a "sin- 
gle" construction, that is to say, the cab is integrated 
with the cage frame. One end of the cable 2 is secured 
to a hitch 2B at an upper portion of the shaft 9. The 
other ©id of the cable 2 is secured to a hitch 2A via the 
counter weight 5, the hoisting machine 3, and hanging 
sheaves 1 C of the cage 1 . The cable 2 is driven by the 
hoisting machine 3, and the cage 1 and the counter 
weight 5 relatively move up and down. 
[0067] In the above composed elevator, as shown in 
FIG. 12, a tension F1 corresponding to a load of the 
cage 1 is applied to a shaft iCa of the hanging sheave 
1C. A change of the tension F1 corresponds to a load 
change of the cage 1 . Consequently, a change of a 
force F2 applied to the shaft 1 Ca corresponds to a load 
change of the cage 1 . 

[0068] FIG. 1 3 is a sectional view of a hanging sheave 
showing a load detector for an elevator cage of a sev- 
enth embodiment of the present invention, in which the 
load detector detects a change of the force F2 applied 
to the shaft 1 Ca by means of a strain gage . 
[0069] That is, as shown in FIG. 13, the shaft ICa ( 
only one is shown) is rotatably secured to the cage 1 via 
a bearing 1Cc, and the shaft 1Ca is supported by sup- 
port members 1Cd on the cage 1 . Strain gages 1Ce are 
built in the shaft 1Ca near the bearing 1Cc so as to 
detect a strain caused by a force F2 applied to the rotary 
shaft via the bearing 1Cc. Output signals of the strain 
gages 1Ce are transmitted to the calculator 11 via the 
transmitting cable 8 shown in FIG. 1. Tlie calculator 1 1 
calculates a load change of the cage 1 on the basis of a 
change of a force F2 applied to the shaft ICa, and then 
calculates a load of the cage 1 . Finally, the calculator 1 1 
calculates a necessary torque to drive the motor 32 so 
as to start the cage 1 smoothly on the basis of the load 
of the cage 1. 

[0070] FIG. 14 is a sectional view of a rotary shaft 
showing a load detector for an elevator cage of an 
eighth errbodiment of the present invention. 
[0071 ] In FIG. 1 3, a load of the cage 1 is calculated on 
the basis of a force F2 applied to the shaft 1Ca and 
detected by the strain gages 1 Ce built in the shaft 1 Ca, 
while in FIG. 14. a load of the cage 1 is calculated on the 
basis of a strain of elastic members iCf lying between 
the shaft 1Ca and the cage 1 instead of the support 
members 1Cd in FIG. 13. 

[0072] That is, as shown in FIG. 14, a force F2 is 
applied t the cage 1 via the bearing 1 Cc, the shaft 1 Ca 
and the elastic members 1Cf. The elastic members 1Cf 
deforms by a load change of the cage 1 . The deforma- 
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tion of the elastic members iCf is detected by a poten- 
tial meter 1Cg, i.e., a differential transformer which 
transforms displacement into electric resistance, 
attached in parallel to one of the elastic members 1 Cf. 
All output signal of the potential meter 1Cg is transmit- 
ted to the calculator 1 1 via the transmitting cable 8. The 
calculator 1 1 calculates a load change of the cage 1 on 
the basis of a change of a force F2 applied to the shaft 
iCa, and then calculates a load of the cage 1. Finally, 
the calculator 1 1 calculates a necessary torque to drive 
the motor 32 so as to start the cage 1 smoothly on the 
basis of the load of the cage 1 . 

[0073] According to the eighth embodiment, since a 
load detector is installed at the hanging sheave 1C, a 
load of the cage 1 is detected precisely. 
[0074] FIG. 15 is a side view of a sheave showing a 
load detector for an elevator cage of a ninth embodi- 
ment of the present invention. 

[0075] In FIG. 15, the hoisting machine 3 is arranged 
on a shaft ceiling wall 9b via two elastic members 31c. 
A potential meter 31d is attached in parallel to one of the 
elastic members 31c. The potential meter 31 d outputs a 
voltage signal corresponding to a deformation of the 
elastic member 31c. An output signal of the potential 
meter 31 d is transmitted to the calculator 11 via the 
transmitting cable 8. 

[0076] A force F3 applied to the rotary shaft 31a of the 
sheave 31 is based on the sum of a load of the cage 1 , 
a load of the counter weight, a load of the cable 2 and a 
load of the hoisting machine 3. Above all, the load of the 
cage 1 is the only item to be changeable. 
[0077] Thus, a load change of the cage 1 is calculated 
on the basis of a deformation of the elastic member 31c 
detected by the potential meter 31d. The calculator 1 1 
calculates a load of the cage 1 on the basis of the load 
change of the cage 1 . Finally, the calculator 1 1 calcu- 
lates a necessary torque to drive the motor 32 so as to 
start the cage 1 smoothly on the basis of the load of the 
cage 1. 

[0078] Various modifications and variations are possi- 
ble in light of the above teachings. Therefore, within the 
scope of the appended claims, the present invention 
may be practiced otherwise than as specifically 
described herein. 

Claims 

1 . A load detector for an elevator having a cage mov- 
ing up and down in a shaft for transporting passen- 
gers and a cable hanging said cage, comprising: 

a relative position detector configured to detect 
a relative position of said cage against said 
shaft; and 

a calculator configured to calculate a change of 
said relative position between th position f 
said cage just after landing at a floor and the 
position of said cage just before leaving said 



floor, and a load of said cage on the basis of 
said change caused by an expansion and con- 
traction of said cable. 

5 2. The load detector for an elevator as recited in claim 
1, wherein: 

said relative position detector comprises a plu- 
rality of reflecting plates attached on said shaft 
w near floor levels, a light source attached to said 

cage for irradiating a light with a predetermined 
wavelength toward said reflecting plates, a lens 
attached to said cage for gathering reflected 
light from said reflecting plates, and a plurality 
15 of photoconductive cells arranged in a moving 

direction of said cage so as to output respec- 
tive voltage signals on the basis of gathered 
light from said (ens; and 
said calculator is configured to calculate said 
relative position on the basis of said voltage 
signals from said photoconductive cells. 

3. The load detector for an elevator as recited in claim 
1, wherein: 

said relative position detector comprises a plu- 
rality of slopes attached on said shaft near floor 
levels along a moving direction of said cage, 
said slopes having inclined planes with triangu- 
lar cross sections, a roller attached to said- 
cage and rolling on said inclined planes, a slide 
shaft connected to said roller for guiding in a 
horizontal direction, and an elastic member for 
pushing said roller toward said slopes elasti- 
cally; and 

said calculator is configured to calculate said 
relative position on the basis of the position of 
said slide shaft. 

4. The load detector for an elevator as recited in claim 
1, wherein: 

said relative position detector comprises a plu- 
rality of slopes attached on said shaft near floor 
levels along the moving direction of said cage, 
said slopes having a plurality of tiers, a laser 
device attached to said cage and configured to 
irradiate a laser light toward said tiers, and a 
distance detector attached to said cage and 
configured to receive a reflected laser light 
from said tiers and to detect a distance to said 
tiers of said slopes; and 
said calculator is configured to calculate said 
relative position on the basis of said distance to 
said tiers. 

5. The load detector for an elevator as recited in claim 
1, wherein: 
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said calculator is configured to reset a load 
value as a no load of said cage in case a time 
of no destination call being made exceeds a 
predetermined time after said cage stops. 

5 

6. A load detector for an elevator having a cage mov- 
ing up and down in a shaft for transporting passen- 
gers and a rope hanging said cage, comprising: 

a roller attached to said cage; w 
a guide rail arranged in said shaft for rolling and 
guiding said roller in accordance with the 
movement of said cage; 
an angle detector for detecting an angle 
change of said roller; and 15 
a calculator configured to calculate a vertical 
position change of said cage from the time said 
cage door is opened until the time of closing on 
the basis of said angle change of said roller, 
and a load of said cage on the basis of said ver- 20 
teal position change. 

7. A load detector for an elevator having a cable 
placed around a sheave driven by a motor, said 
cable hanging a weight and a cage moving up and 25 
down in a shaft for transporting passengers, com- 
prising: 



9. A load detector for an elevator having a cable 
placed around a sheave driven by a motor, said 
cable hanging a cage through a hanging sheave 
attached to said cage moving up and down in a 
shaft for transporting passengers, comprising: 

a strain detector configured to detect a strain of 
a shaft of said hanging sheave; and 
a calculator configured to calculate a change of 
a strain of said hanging sheave just after said 
cage lands at a floor and a strain of said hang- 
ing sheave just before said cage leaves said 
floor, and a load of said cage on the basis of 
said change of said strain. 



a brake having a brake disk secured to a rotary 
shaft of said motor, and a brake shoe for press- 30 
ing said brake disk toward an elastic member 
and stopping the revolution of said sheave; 
a strain detector attached to said elastic mem- 
ber and configured to detect a torsional strain 
of said brake disk caused by an unbalance in 35 
weight between said cage and said weight; and 
a calculator configured to calculate a change of 
said torsional strain between a torsional strain 
just after said cage lands at a floor and a tor- 
sional strain just before said cage leaves said 40 
floor, and a load of said cage on the basis of 
said change of said torsional strain. 



8. A load detector for an elevator having a cable 
placed around a sheave driven by a motor, said 45 
cable hanging a cage through a hanging sheave 
attached to said cage moving up and down in a 
shaft for transporting passengers, comprising: 



a strain detector configured to detect a strain of so 
a rotary shaft of said sheave; and 
a calculator configured to calculate a change of 
a strain of said sheave just after said cage 
lands at a floor and a strain of said sheave just 
before said cage leaves said floor, and a load of 55 
said cage on the basis of said change of said 
strain. 
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